ABSTRACT Natural establishment of blue grama (Boute/oua graci/is) seedlings is not reported to occur on shortgrass prairie. Lack of adequate moisture at the soil surface prevents germination, and, once germination has occurred, rapid drying of surface soils frequently results in the death of elongating seminal roots. Establishment of blue grama seedlings may be facilitated by dung-burying beetles. Greenhouse experiments with Canthon pi/u/arius showed that blue grama seeds mixed into fresh cattle feces survived formation and burial of brood balls, larval development within the brood ball, and subsequent emergence of adult beetles. Blue grama seedlings were recorded at several sites where C. pi/u/arius had buried dung in cages filled with sterilized (autoclaved) potting soil.
BLUE GRAMA (Bouteloua gracilis [H.B.K.] Lag. ex Steud.) is an important warm-season forage grass in drier areas of the Central Plains. Blue grama grass accounted for between 60 and 86% of the total green leaf area (Knight 1973) at the u.s. Dept. of Agriculture's (USDA) Central Plains Exp. Range near Nunn, Colo. Natural regeneration of this native prairie grass from seeds has not been demonstrated (Bokhari et al. 1975) , and attempts to seed abandoned croplands with blue grama have had little success (Bement et al. 1965 , Hyder et al. 1971 , 'Wilson and Briske 1979) .
Cattle have frequently been implicated as principal agents of dissemination of plants (Dore and Ravmond 1942. Burton and Andrews 1948) . Kuros~ki and Iizu~i (1960) showed that the seeds of three grasses are disseminated by cattle, and that such dissemination may in part determine patterns of plant distribution on rangeland. The observation that blue grama seedlings emerged from aged (6-30 months field exposure) and partially decomposed cattle dung collected on the Central Plains Experimental Range (Wicklow and Zak 1983) drew attention to the possible role of dung-burying beetles (Scarabaeidae, Geotrupidae) in the natural regeneration of blue grama. Seeds buried in dung 1" by beetles may be better able to germinate and to f survive as seedlings during intervals \vhen soil water " stress would normally cause a decline in the germination rate. Such seeds would have the advantages of being positioned deeper in the soil, and in a matrix that holds water more tenaciously than would a coarse-textured soil matrix. Thi; dung burial would effectively extend the interval during I This paper reports the results of research only. :-'Iention of a proprietary product does not constitute an endorsement or a rec· ommendation for its use bv USDA.
, Entomology Section, University of Wyoming, Laramie. WY 82071.
which the moisture content of the "germination bed" permits seedling emergence.
We designed the present study to determine if blue grama seeds can survive burial by dung beetles.
Materials and Methods

Sources of Dung Beetles and Blue Grama Seed.
The dung-burying beetle selected for study was Canthon pilularius (Lo), native to North America and typical of a group of beetles that form fresh feces into balls, and roll these balls away from the fecal deposit for burial in shallow pits '(!\·latthews 1963). The buried dung balls then serve as brood balls for developing larvae, or as food balls. Fifty adult pairs (50 females: 50 males) of C. pilularius were collected 3 June 1980 from the Central Plains Experimental Range.
Blue grama seed (Lot No. P88007), certified to have 24% germinability, was obtained from the ·Wyo. State Seed Lab., Laramie. An average of 22% germination was obtained when five lots of 100 seeds were mixed in five 50-g lots of fresh cow dung that was spread over filter paper in petri dishes.
Dung Burial by C. pilularius. Experiments with C. pilularius were conducted in a glasshouse at the University of Wyoming during the summer of 1980. The glasshouse temperature varied between 21 and 27°G Three beetle cages, constructed from wooden flats (110 bv 78 bv 23 cm) and fitted with screen tops (plastic 'mesh, 'I mm") were filled to a depth of 9 cm \vith sterilized (autoclaved) potting soil (sand-loam-peat, 2:1:1 vol/vol/vol). Approximately 1,000 blue grama seeds were thoroughly mixed by hand into 500-g (75 g dry wt) samples of fresh cattle feces. The fresh dung used in these experiments, obtained from steers housed in a barn, where they could not eat blue grama, averaged 14.8% dry matter in content. The dung samples containing blue grama seeds \vere then placed on soil in the center of each cage containing adult dung beetles. Dung not buried by beetles was removed and replaced with fresh dung containing seeds at 7 and 14 days. Individual brood balls produced by C. pilularius were quite uniform in weight (range, 5.8-6.4 g wet wt, and 0.86-0.95 g dry wt), based on measurements of newly produced but unburied brood balls in preliminary trials. Balls of this weight contain approximately 12 blue grama seeds. The number of brood balls produced and buried by the beetles during an initial 21-dav interval was recorded. and the burial sites mark'ed with dowel pegs (5~m in diameter), after which all adult beetles and unburied dung were removed. The soil received a light \vatering each day (39 days) for the remainder of the 60-day experiment. Numbers of beetles emerging, and the dates of emergence, were recorded using pit traps made from small plastic cups. Blue grama seedlings that emerged from points where brood balls were buried were also counted.
In order to evaluate effects of dung burial alone (without beetles) on emergence of blue grama, we filled 55 clay pots (15 cm in diameter) with sterilized potting soil to within 1.25 cm of the upper edge. Blue grama seeds were blended into fresh cattle feces as before. In one set of controls, 50 g of fresh dung containing seeds was evenly distributed over the soil surface of 10 pots to form a layer approximately 1.25 cm thick. A second set of controls consisted of four artificially made dung balls, each weighing 3 g (0.45 g dry wt) and containing approximately six seeds, which were hand-buried at depths of either 1.25, 5, or 10 cm in each of 10 pots containing soil. Finally, 100 blue grama seeds were buried without dung at each of the three depths (five pots per treatment). Pots were placed on greenhouse benches and watered lightly each day throughout the 45-day experiment, during which time all emerging seedlings were counted. This experiment used a completely randomized design, with a pot being the experimental unit.
Results and Discussion
Blue grama seedlings were recorded from several of the sites where C. pilularius buried brood balls in each beetle cage (Table 1) . Depth of burial was limited by the depth of soil in the cage (9 cm). No seedlings were recorded from sites other than where dung was buried by the beetles. Beetles that had emerged from buried brood balls were trapped in each of the cages, following removal of all of the adult beetles that had been placed in cages at the start of the experiment (Table 1) . Because only one adult beetle develops in each individual brood ball, we conclude that nearlv all the brood balls buried by C. pilularius in th~se experiments supported beetle development, and that some blue grama seeds survived burial in and feeding by larvae. No more than one seedling emerged from a single burial site. 'Were some of the seeds consumed by developing larvae? Anderson and Coe (1974) observed that onlv about 20% of the elephant dung that was buried in shallow excavations bv scarab beetles in Kenva \vas actuallv consumed bv those beetles. 'When the beetles buried brood balis formed from the dung and oviposited, ho\vever, most of the dung was used during the course of larval development. We do not know the impact of larval feeding on seeds that become incorporated into these brood balls. Our experiments with C. pilularius provide evidence that the maturation of dung-consuming beetle larvae does not necessarilv result in the loss of all seeds initially contained 'in a single brood ball (Table 1) .
Critical periods for seed germination and seedling survival of blue grama on the Central Plains are determined almost entirelv bv the amount of water stored in the soil and the 'rapidity with w·hich surface soils dry after precipitation (Bokhari et al. 1975, Wilson and Briske 1979) . Bokhari et al. (1975) observed that successive periods of suitable temperature and soil water conditions occur v,rithin the growing season; however, they seldom last long enough to permit a high percentage of seedlings to germinate. If the surface soil dries faster than the seminal root can extend, the seedling dies, because blue grama lacks lateral seminal roots (Hyder 1974) . If the starting point for seminal root development is in advance of the front of drying, then chances for early seedling survival should be enhanced. In such cases, dung burial by beetles may be important in promoting seedling establishment. Blue grama seedling crowns (from which adventitious roots develop) are found at an average depth of only 0.2 em rather than at the depth of planting (Hyder et al. 1971) . Adventitious roots fail to develop when the soil surface is dry. Blue grama seedlings without adventitious roots do not survive the winter (Vlilson and Briske 1979) . Dung burial by beetles could facilitate adventitious root ., a Burial of blue grama seeds or cattle dung containing blue grama seeds in 15-cm-diameter clay pots containing potting soil. b Fifty grams of dung containing 100 seeds was evenly spread over the soil surface. C Four artificially made dung balls each weighing approximately 3 g (wet wt) and containing six blue grama seeds were handburied in pots (24 seeds per pot).
d One hundred seeds buried without dung.
development in fine-textured or compacted soils because the abandoned burial pit could serve as a channel for rapid do\vnward growth of the roots.
In the control experiments in \vhich dung containing seeds was spread over the soil surface, or in which artificial dung balls were hand-buried 1.25 em beneath the soil surface (Table 2) , the average percentage seedling emerging \vas approximately 20%. Seventeen percent of seedlings emerged from seeds buried at the same depth without dung. No seedlings emerged from pots where seeds or dung balls containing seeds \vere hand-buried at 5 or 10 em. There was no significant difference (P > 0.05; chi-square test of association) observed between seeds in dung at the surface and burial at 1.25 em. For seeds buried at 1.25 em there was no difference (P > 0.05) in emergence associated with presence or absence of dung. We cannot explain why blue grama seedlings emerged at points where beetles buried dung, presumably at depths greater than 5 em, but not when we hand-buried seeds or dung containing seeds. The pots were not subjected to water stress. Perhaps the abandoned burial pit serves as a channel facilitating seedling emergence.
Beetles that form their nests in a network of subterranean tunnels (e.g., Onthophagus gazella F.) would position dung too deeply in the soil for successful seedling emergence. However, numerous attempts by beetles to bury dung may prove unsuccessful or only partially successful. Therefore, planting depths for seeds contained in dung should also vary. For example, some dung-burying beetles are known to avoid burial sites where soils have a high clay content. The depth to \V'hich the brood balls of Phanaeus spp. were buried decreased as the content of clav in the soil increased (Fincher 1973) . . It should be noted that manure is commonlv added to potting soil as a source of nutrients, and to provide a rooting medium with increased waterretaining capacity. Spent brood balls and abandoned food balls may perform a similar function in nature (MacQueen and Beirne 1975) , thus increasing the chance for successful emergence and adventitious root development.
In early spring and summer, erect blue grama spikes (2.5-5 em long) with intact spikelets containing seeds are common. These spikelets are produced during the previous growing season. Consumption of spikelets by cattle or other large herbivores and dissemination of seeds in feces can occur throughout most of the year. Although one typically thinks of grass seeds as being wind-dispersed, we must now consider the possibility that blue grama, and perhaps other short-grass prairie plants as well, have adaptations that increase the chances that their seeds will be consumed and dispersed in the feces of large herbivores. Coevolution of range grasses with their herbivore consumers can assume many forms. The present study links seed dissemination in cattle dung (Wicklow and Zak 1983) with dung burial by scarab beetles as a possible mechanism promoting seedling establishment of blue grama in semi-arid grasslands.
